Data on E. coli incidence in drinking water samples have been evaluated for 4 European countries. Within the EC project MicroRisk, large volume sampling was done in the United Kingdom (with disinfectant residual), the Netherlands (mainly without disinfectant residual) and
measurements in drinking water at the end of the treatment, in distribution reservoirs and in the supply zones at consumers' taps for a 3 year period. To detect possible background contamination below the normal detection limit of 1 E. coli per 100 mL, high volume samples were collected in Germany, the UK and the Netherlands. The data were evaluated with regard to the situation in the individual countries and the impact of disinfection on the incidence of positive E. coli samples.
Disinfection in Germany
The German Drinking Water Directive (German DWD) (Anon 2001a) , as the national implementation of the EC Drinking Water Directive (98/83/EC) (Anon 1998) , does not have the compulsory requirement to disinfect or to distribute with disinfection residuals.
As a general requirement, the German DWD states that the water intended for human consumption has to be free from pathogens, wholesome and clean. This requirement is regarded to be fulfilled if the acknowledged rules of technology are used during water catchment, treatment and distribution and the drinking water quality at least complies with the limit values for microbiological, chemical and indicator parameters.
The microbiological requirements state that pathogens must not be present in concentrations that constitute a potential danger to human health and the minimum requirements set out in Annex 1 have to be met (E. coli, enterococci and coliform bacteria all 0/100 mL). An addition states that, in distribution systems where the microbiological requirements can only be met by disinfection, a disinfection capacity has to be guaranteed as a precaution.
Only those substances that are published in a list which is kept up-to-date by the German UBA (Umweltbundesamt) are to be used for treatment and disinfection.
This list also includes the maximum dosage of disinfectants, the maximum value after treatment and the minimum value for disinfectants after treatment. The requirements for disinfectants according to this list are summarised in Table 1. For disinfectant residuals in the distribution system, only chlorine or chlorine dioxide can be used. The concentrations according to these regulations can range from 0.1 mg/L to 0.3 mg/L for free chlorine and from 0.05 mg/L to 0.2 mg/L for chlorine dioxide. These concentrations are comparably low and are not maintained very long during distribution. For instance, the WHO Guidelines recommend a minimum value of 0.5 mg/L for free chlorine.
In general, most water utilities prefer the distribution with low or zero disinfectant residuals, as the German consumers complain about the taste and odour from chlorine in drinking water.
A survey in 1991 including around 1,000 water utilities showed that more than 50% use no disinfection procedure at all, and those who used a disinfection procedure mostly used chlorine (Haberer 1994) .
Depending on the raw water quality, disinfection has or has not to be part of the treatment. Faecally polluted raw waters (for instance, surface water) always have to be disinfected and additional particle removal can be required to guarantee effective disinfection. In contrast, raw waters without faecal pollution, for instance groundwaters from well protected aquifers, need no disinfection. This so-called primary disinfection of polluted raw waters can be done by chlorine, chlorine dioxide, ozone or UV.
In Germany the main water source (ca. 65%) is groundwater, therefore a lot of these well protected waters need no primary disinfection at all. The long retention time In the Netherlands, the situation is very similar to that described for Germany. Overall, an equal number of surface water and groundwater supplies were implicated in the outbreaks in the 10 EU countries, but groundwater supply outbreaks reported a greater number of cases of illness (43,517) than surface water supplies (23,047). Of the 54 outbreaks where a pathogen could be isolated from cases and the source of the supply was known, 89% of surface water outbreaks were of protozoan origin compared to 46% of groundwater outbreaks.
Reported waterborne outbreaks

Detecting contamination events
Confirmed outbreaks show the tip of the iceberg. Many smaller contamination events are likely to occur. These events may even lead to illness in the community supplied, without a link being made to the water system. Evidence that contamination events occur much more frequently than outbreaks is provided by the statutory monitoring of drinking water for E. coli (formerly also determined as 
RESULTS AND DISCUSSION
Reported incidence of E. coli
The official report to the consumers on the quality of water intended for human consumption in Germany (Anon
2005) for the years 2002-2004 was published in December
2005. It covers all water supplies that deliver more than 1,000 m 3 /d (or serve more than 5,000 people). These are, in total, 2,700 water supplies and they supply about 60 million people in Germany, or 73% of the total population. The rest of the population is supplied by non-public or smaller water supplies. The volume distributed annually amounts to 4,100 million m 3 . In this report the given percentage of E. coli positive samples lies between 0.11-0.23%.
In Table 2 these data from Germany are presented together with the data from UK, that are published on www.dwi.gov.uk, and data from water companies from the Netherlands and France. France has a majority of small rural water systems (60% of them supply less than 500 inhabitants and 90% less than 5,000 inhabitants). Germany has a large number of medium-sized mostly municipal water companies whereas in the UK and the Netherlands the situation is more centralised.
In the UK, the water is distributed with comparatively high disinfectant residuals, whereas in France a maximum of 0.1 mg/L chlorine residual is generally observed in distribution systems. In Germany and the Netherlands mostly no residuals are present during distribution, as was discussed before. The reported percentage of E. coli positive samples was highest in France (between 0.203 -0.492%) and lowest in the UK (between 0.019 -0.027%).
Background concentrations
Water companies verify the effectiveness of measures to (Table 3) . Samples were taken in urban and rural supply zones, in supply zones where groundwater and treated surface water is distributed, both in chlorinated and unchlorinated supply zones and at sampling sites in different parts of the distribution systems.
In Germany, only one supply zone was sampled in which deep groundwater treated by three different plants is distributed. In all three plants only iron and manganese is removed and no disinfection procedure is applied.
No E. coli was found in any of the samples collected. (Table 4 ).
In the following, the evaluation of the data for finished water after treatment and tap water from premises (distribution systems) are discussed for France, the Netherlands and Germany. For the UK and Australia no further evaluation was performed, since only limited data from two water companies and supply zones were available.
From the 13 water supply zones in Germany, 6 were distributing water using groundwater, 3 spring water, 3 surface water and 1 bank filtrate as a raw water source. This represents the situation in Germany very well, where about 65% of the water supply is based on groundwater, around 15% on bank filtrates and recharged waters and around Overall, the percentage of positive E. coli samples in finished water and in the distribution system was significantly higher in France than in Germany and in the Netherlands. A reason might be that in the French data a lot of small rural supply systems are included, which is not the case in the Dutch and German data. The data from the official German report, where many small supply systems are included as well, also show higher incidences (0.11 -0.23%, see Table 2 ).
For every supply zone in Germany and the Netherlands, the mean E. coli concentration in finished water and in the distribution system was calculated by dividing the total number of CFU in all samples by the total volume of all samples. If none of the samples contained E. coli, the concentration of one sample was considered to have been 0.1 CFU per 100 mL. This was not possible for the French data because of the non-representative small supply zones. Figure 1 shows the cumulative percentage of inhabitants in the investigated supply zones in Germany and the Netherlands theoretically exposed to the calculated mean E. coli concentrations.
The graphs show that the calculated mean E. coli concentrations per water supply zone were slightly higher in the Netherlands than in Germany. This was the case for finished water and for distributed water. In Germany 8 out of 13 (62%) and in the Netherlands 118 out of 125 (94%)
were non-disinfected distribution systems.
The mean calculated E. coli concentrations below which 50% and 90% of all inhabitants were exposed in the investigated supply zones in Germany and the Netherlands, can be derived from Figure 1 (by finding the values of the series line at these x-axis percentages) and are presented in Table 7 .
In the Netherlands and in Germany 90% of all inhabitants were theoretically exposed to mean E. coli concentrations below 0.0009, respectively 0.0007, CFU per 100 mL in finished water and 0.05 and 0.02 CFU per 100 mL in distributed water.
As already discussed above (see Table 6 ) the German and Dutch data suggest that the quality deteriorates from finished water to the distribution system.
Comparison of E. coli detection in periodical samples in supply zones with and without disinfection
In France, all of the investigated supply zones distribute water with disinfectant residuals. In Germany and the Netherlands only 38% and 6% of the evaluated supply zones distribute the water with disinfectant residuals. The disinfection dose in all disinfected supply zones ranged from 0.04 to 0.5 mg/L Cl 2 .
The percentages of E. coli positive samples were calculated for both disinfected and non-disinfected supply zones of each country (Table 8 ).
In disinfected supply zones similar percentages of E. coli positive samples were calculated for finished water and for the distribution system in Germany (only 1 E. coli positive sample each) and in France, whereas in the Netherlands, a higher percentage of E. coli positive samples was found for the distribution system compared to the finished water. Figure 1 | Mean E. coli concentrations per supply zone (total number of CFU in all samples divided by the total volume of all samples) and cumulative percentage of inhabitants exposed to these E. coli concentrations in supply zones within the Netherlands and Germany (left: in finished water; right: in the distribution system). The mean E. coli concentrations below which 90% of all inhabitants of the respective supply zones were exposed are given in Table 9 . For the disinfected supply zones as well as for the non-disinfected supply zones highest mean E. coli concentrations can be found in the distribution system.
In the non-disinfected supply zones the mean E. coli concentrations are only slightly higher than in the disinfected supply zones (factor 2-3). 
Health consequences
It is very hard to deduct health consequences from E. coli † Altogether, the data evaluation of E. coli incidence suggests, firstly, that the presence of chlorine residuals in the distribution system on its own is not sufficient to ensure water safety and, secondly, that if technical measures are taken to avoid cross-connections, pressure losses, etc., a high level of safety can also be ensured in non-disinfected distribution systems. In the latter case, the indicator principle of E. coli for faecal contaminations is valid, and contaminations can be recognised.
In chlorinated systems, ingress of organic material can be detected by on-line monitoring of chlorine residuals. † If the water companies strive for a high distribution system integrity, i.e. low water losses to reduce the danger of pressure losses and good quality management for repair work to reduce contamination during works in the distribution system, non-disinfected supply zones can be as safe as disinfected supply zones. This is especially an advantage if chlorine-resistant pathogens can be present in the respective raw waters. Table 9 | Mean E. coli concentrations in finished water and in the distribution system below which 90% of inhabitants of the Netherlands and Germany are exposed in supply zones with and without disinfection 90% of inhabitants exposed to a mean E. coli concentration below in CFU per 100 mL with disinfection without disinfection Country Finished water Distribution system Finished water Distribution system Netherlands 0.0001 0.02 0.0009 0.05 Germany 0.003 0.004 0.0007 0.01
